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As humans age, their T cell repertoire becomes dominated by cells exhibiting ‘‘memory’’ characteristics.
In this issue of Immunity, Su et al. (2013) demonstrate that a large percentage of virus-specific CD4+
T cells also exhibit a memory phenotype in unexposed adults.In the thymus, positive and negative
selection results in the generation of
CD4+ and CD8+ T cells expressing a
diverse repertoire of ab T cell receptors
(TCRs) that recognize foreign, ‘‘non-self’’
peptides presented by major histo-
compatibility complex (MHC) molecules
(Singer et al., 2008). Once they are in the
periphery, these cells are believed to
remain in a ‘‘naı¨ve’’ or quiescent state until
they are efficiently activated by antigenic
and costimulatory signals. Proper integra-
tion of these signaling pathways results in
T cell activation that is accompanied by
proliferation and the ability to produce
cytokines (Jenkins et al., 2001). After
expansion and contraction, the surviving
memory T cells are genetically andmolec-
ularly different than their naive counter-
parts, thereby allowing these cells to
immediately respond to pathogen reinfec-
tion. Although extensive studies using
animal models in controlled experimental
settings have firmly established this
paradigm, far less is known about the
characteristics and functions of various
antigen-specific T cell populations in
humans, in whom environmental factors
could have a major impact.
Enrichment techniques with peptide-
MHC (pMHC) tetramers have recently
emerged as a feasible method of study-
ing rare populations of antigen-specific
T cells. This approach has resulted in
convincing analysis of the preimmune
repertoire of antigen-specific CD4+ and
CD8+ T cells in laboratory mice (Moon
et al., 2007; Obar et al., 2008). In this issue
of Immunity, Su et al. (2013) used this
technique to identify rare populations of
antigen-specific CD4+ T cells in humans.As expected, CD4+ T cells specific to
various ‘‘self-antigens’’ or common path-
ogens exhibited a memory-like gene ex-
pression profile and produced cytokines
after stimulation. However, in unexposed
adults (as determined by serological
tests), the authors unexpectedly found
that a substantial percentage (12%–
93% and an average of over 50%) of
CD4+ T cells that could bind to MHC-II
tetramers loaded with peptides from
HIV, cytomegalovirus (CMV), and herpes
simplex virus (HSV) also exhibited a
memory-like phenotype. In contrast,
when the same populations of virus-
specific CD4+ T cells were identified in
umbilical cord blood samples, a predomi-
nantly naive phenotype was observed.
These observations suggested that the
memory-like characteristics of virus-
specific CD4+ T cell populations were
not present in the naive immune reper-
toire found at birth but rather were gener-
ated during the time between birth and
adulthood.
Acquisition of memory-like characteris-
tics of CD8+ T cells without exposure to
cognate antigen has been observed in
animal models. Overall, these studies
concluded that the conversion of T cells
from a naive to memory phenotype
occurs after homeostatic proliferation
driven by cytokines and TCR inter-
actions with self-pMHC (Sprent and
Surh, 2011). However, this paradigm is
less established for CD4+ T cells, which
undergo less homeostatic prolifera-
tion than do CD8+ T cells. Because of
this, Su et al. considered a second
mechanism—that cross-reactivity to en-
vironmental antigens could generateImmunity 38,memory CD4+ T cells in humans not ex-
posed to the specific pathogen. To test
this, the authors used homology searches
to identify peptide sequences potentially
expressed by other microorganisms and
evaluated HIV-specific CD4+ T cell clones
for cross-reactivity to the identified pep-
tide sequences. Indeed, approximately
20% of the memory-like HIV-specific
CD4+ T cells were stimulated by a peptide
sequence found in an unrelated microbe.
Thus, TCR cross-reactivity against micro-
bes occurs in the CD4+ T cell repertoire,
a finding that has also been described
in the human CD8+ T cell compartment
(Clute et al., 2005).
To determine whether TCR cross-reac-
tivity of human CD4+ T cells could be
documented in vivo, Su et al. identified
an influenza-specific CD4+ T cell popula-
tion that would cross-react with peptide
sequences that could theoretically be
expressed by Finegoldia magna (a com-
mensal bacteria) and Trichomonas vagi-
nalis (a sexually transmitted protozoan).
In individuals receiving the 2011 seasonal
influenza vaccine A/California/7/2009
(H1N1), this CD4+ T cell population ex-
panded and contracted with kinetics
similar to those of other influenza-specific
CD4+ T cells. It should be noted, however,
that it is unknown whether these peptide
sequences identified through a protein
database search are naturally processed
antigenic targets of F. magna and
T. vaginalis or whether exposure to these
microbes results in the formation of
memory CD4+ T cell populations that
will cross-react with influenza antigens.
Nevertheless, this demonstrates that
CD4+ T cells that can respond to alteredFebruary 21, 2013 ª2013 Elsevier Inc. 207
Exposure  
to Microbe B 
No Exposure 







+ T Cell 
Memory-Like CD4+ T Cell 
Microbe-A 
-Specific 
CD4+ T Cells 
Microbe-B 
-Specific 
CD4+ T Cells 
Microbe-A 
-Specific 
CD4+ T Cells 
Microbe-B 
-Specific 
CD4+ T Cells 
Figure 1. Proposed Model for the
Generation of Microbe-Specific, Memory-
Like CD4+ T Cells in Unexposed Humans
through TCR Cross-reactivity
At birth, CD4+ T cells exhibit a uniform naive
phenotype regardless of specificity. This example
shows a population of naive CD4+ T cells exhibiting
antigen specificity against both microbe A and
microbe B. After natural exposure to microbe B,
the cross-reactive CD4+ T cells also convert to
a memory phenotype without being activated by
antigens generated by microbe A. This causes
memory-like CD4+ T cells to have antigen speci-
ficity against microbe A independently of prior
exposure.
Immunity
Previewspeptide ligands found in environmental
microorganisms will undergo a prolifera-
tive response after influenza vaccination.208 Immunity 38, February 21, 2013 ª2013 EOverall, the authors suggest that cross-
reactivity with antigens found in diverse
microorganisms results in the generation
of memory-like CD4+ T cells that can
respond to specific viruses in individuals
without prior exposure to the actual virus
(Figure 1).
Increased overall frequency of antigen-
specific CD4+ and CD8+ T cells is a widely
accepted characteristic of cellular im-
mune memory (Hammarlund et al., 2003;
Miller et al., 2008). In contrast, this
study found no significant increase in
either viral-specific or self-specific CD4+
T cells in unexposed individuals, even
though these cells displayed evidence of
clonal expansion. By definition, CD4+
T cells reactive against self-antigens
should exhibit low-affinity TCR interac-
tions with pMHC-II, given that high-affinity
cells should be eliminated in the thymus
by negative selection. Low-affinity inter-
actions generally lead to less TCR-
mediated proliferation and expansion of
T cell populations, suggesting that the
memory-like virus-specific CD4+ T cells
that develop in unexposed humans might
also be the result of low-affinity TCR inter-
actions. However, it remains to be deter-
mined whether TCR cross-reactivity
to environmental microbes, rather than
the previously defined development of
memory-like T cells through homeostatic
proliferation, is the causative mechanism
for cross-reactive CD4+ T cell memory
(Sprent and Surh, 2011).
Finally, one question that remains
is whether the generation of these
memory-like CD4+ T cell populations is
beneficial (or potentially detrimental) with
regard to human health. Su et al. specu-
late that the generation of cross-reactive
memory-like CD4+ T cell populations
might broaden the range of pathogens
that can be efficiently recognized by thelsevier Inc.immune system. In contrast, it is also
possible that cross-reactive CD4+ T cell
populations could contribute to autoim-
mune disorders, in which exposure to
common microbes could lead to the
generation of CD4+ T cells that recognize
self-antigens (Sewell, 2012). Careful pre-
vaccination and postvaccination analysis
of cross-reactive antigen-specific T cell
populations in large cohorts of subjects
and subsequent extensive longitudinal
analysis of disease prevalence will be
required for furthering our understanding
of the physiological relevance of these
cell populations in humans.
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